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Description
BACKGROUND OF THE INVENTION

The present invention relates to a pixel conversion
apparatus in an electronic equipment field taking a liquid
crystal display as a representative. It relates to a pixel
conversion apparatus, especially used when the
number of pixels of the display area is different from the
number of pixels of the input signal.

For displaying a picture on a display device such as
a liquid crystal panel having different number of pixels
from the pixels of an input signal, a pixel conversion ap-
paratus is used. A pixel conversion apparatus in accord-
ance with the prior art is explained below, referring to
the drawing, to explain a function of scanning line con-
version.

FIG. 1 is a block diagram of a pixel conversion ap-
paratus in accordance with the prior art in the case of a
reduction conversion. FIG. 2 is a chart explaining a func-
tion of interpolating reduction conversion. In FIG. 1, the
block 20 is a reference counter. The block 21 is a com-
parator. The block 22 is a register. The block 23 is an
adder. The block 24 is an interpolation circuit. The block
25 is a memory. The block 26 is an address generator.
FIG. 2 shows a functional principle at reduction factor is
0.6. In FIG. 2, short vertical lines of input signal express
sample values of the original signal and the black dots
express the values necessary to be newly made by in-
terpolation. First, a reciprocal of the reduction factor

SH = (standard picture size) / (size to be reduced)

is inputted from, for example a microcomputer. In this
example,

SH=1/0.6 =1.67,

and it means that a new sample value is made at every
1.67 times of the original sampling period. The signal
SH is applied to a ZSH circuit 27 composed of register
22 and adder 23. SH circuit 27 integrates the input sig-
nal at the output of comparator 21 at every time an in-
cidence pulse appears.

The integer part of the output signal of ZSH circuit
27 which is an integral output is compared with the out-
put of reference counter 20 and comparator 21 outputs
an incidence pulse when the values are equal. The in-
cidence pulse indicates a position of a sample point to
be interpolated, while the decimal part of the output sig-
nal of ZSH circuit 27 is used as an interpolation coeffi-
cient at the moment. Thus, the sample value obtained
as a result of interpolation is written in a designated po-
sition on the main memory according to a writing ad-
dress made from the coincidence pulse at the counter.

Thus, because a reduced image can be formed on
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the memory by interpolating new pixel data at a gener-
ation of coincidence pulse and writing in a main memory,
if it is read at a standard speed and is D/A converted, a
reduced analog image signal is obtained. An example
of a horizontal reduction is described but it is similar in
a vertical reduction and in this case, a pulse synchro-
nized with a horizontal sync signal takes a part of the
clock signal.

To convert the number of sampling like this, it is nec-
essary to calculate sampling points and interpolation co-
efficients for interpolation based on the reference clock
(or horizontal sync pulse) and to form a data array by a
memory.

Further, for example, considering a case to convert
a VGA (video graphics array) standard into an XGA (ex-
tended video graphics array) standard and display it on
a liquid crystal panel for XGA standard, the number of
horizontal dots is 800 and the number of horizontal ef-
fective dots is 640 in the case of VGA standard. Because
the number of horizontal effective dots is 1024 in the
case of XGA, a signal of VGA standard can be displayed
on a liquid crystal panel for XGA standard by multiplying
the number of horizontal sampling by 1.6 (= 1024/640).

A signal of 832 horizontal dots and 640 horizontal
effective dots is included in a standard decided at VESA
(Video Electronics Standards Association). When this
signal is displayed for example, on a liquid crystal panel
for XGA standard, if the number of horizontal effective
dots is converted simply like multiplying by 1,6 (=
1024/640), the number of horizontal dots becomes
1331.2 (= 832x1.6), the number is an odd number with
a decimal part and a normal display can not be obtained
on this panel. Further, because the number of horizontal
dots is larger than 1280 (standard of XGA), a part of im-
age does notfill the specifications of a liquid crystal pan-
el and it is sometimes impossible to display. Therefore,
only the effective picture area of the converted signal is
once written in a memory and only the effective picture
area is read from the memory with a clock signal filling
the specifications of the liquid crystal panel. In this case,
it is general to adopt a method that reading clock signal
is generated non-synchronized with the input signal,
while the writing clock signal is synchronized with the
input signal.

For a television signal such as NTSC (National Tel-
evision Standard Committee), a composition to display
on a panel having VGA of 640x480 pixels by doubling
the number of scanning lines is generally used. In this
case, to double the number of scanning lines, a compo-
sition to convert the number of scanning lines into dou-
ble by writing the input signal into a FIFO (first in and
first out) and reading a line twice at a double speed of
the writing is generally used. The composition is simple
and there is no need of a field memory and only an FIFO
(line memory) is necessary but the vertical resolution
deteriorates because it is not interlaced. To secure a
good vertical resolution, a field memory such as move-
ment adaptive type scanning line interpolation is neces-
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sary.

A plurality of clock signal generation circuits for writ-
ing and reading into and from a memory used for a pixel
conversion of the prior art is explained below and a plu-
rality of PLL (phase locked loop) circuits having the
same composition are merely used for generating each
clock signal.

FIG. 3 is a block diagram of a video display appa-
ratus in accordance with the prior art. The block 1 is a
sync separator. The block 2 is afirst phase detector. The
block 3 is a first LPF (low pass filter). The block 4 is a
first VCO (voltage controlled oscillator). The block 5 is
a first counter. The block 6 is a first PLL composed of
first phase detector 2, first LPF 3, first VCO 4 and first
counter 5. The block 7 is a pixel converter. The block 8
is a second phase detector. The block 9 is a second LPF.
The block 10 is a second VCO. The block 11 is a second
counter. The block 12 is a second PLL composed of sec-
ond phase detector 8, second LPF 9, second VCO 10
and second counter 11. The block 13 is a timing signal
generator.

A composite video signal inputted from an outside
is supplied to pixel converter 7, an expansion or a re-
duction is processed by a clock signal from first PLL 6
and a clock signal from second PLL 12. (Clock signals
having different frequencies are used between the input
and the output.)

The composite video signal inputted from the out-
side is also supplied to sync separator 1 at the same
time. At sync separator 1, only a sync signal is extracted
from the composite video signal. A horizontal sync sig-
nal separated at sync separator 1 is supplied to first
phase comparator 2. The PWM (pulse width modula-
tion) output of first phase comparator 2 is supplied to
first LPF 3. The response characteristic of first PLL 6 is
almost decided at first LPF 3. Receiving an output of first
LPF 3, first VCO 4 outputs a stable first clock signal.
This first clock signal is used for driving a front stage of
pixel converter 7. Further, the first clock signal is fre-
quency divided at an arbitrary rate at first counter 5 and
is returned to first phase detector 2. A phase difference
between two input signals is detected at first phase com-
parator 2. The output of first counter 5 is also supplied
to second phase comparator 8. The response charac-
teristic of second PLL 12 is decided at second LPF 9.

In the case in which pixel interpolation is necessary
at a pixel conversion apparatus in accordance with the
prior art, what interpolation is made is explained below.
A horizontal pixel conversion circuit of the prior art is
explained below referring to the drawings. FIG. 4 is a
block diagram of a horizontal pixel conversion circuit of
the prior art. PLL circuit 42 is a circuit for faithfully repro-
ducing a clock signal forming the input signal from the
input signal and it is necessary to know previously and
correctly the number of clocks per one horizontal period
and the phase difference between the input signal and
the clock a reproduced at PLL circuit 42 has to be ad-
justed. In recent years, signals outputted from comput-
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ers have a lot of variety, for example the clock frequency
has a wide range from about 20 MHz to over 100 MHZ.
At any two computers, the numbers of clocks per one
horizontal period including a blanking period are not al-
ways the same, even if the number of effective display
pixels of the two computers are the same. With what
clock frequency or with what number of clocks per one
horizontal period, the operator of the computer or the
software of the computer outputs a signal is quite arbi-
trary. Therefore, the oscillation frequency range of PLL
circuit 42 must be wide and a lot of values must be pre-
viously stored for the number of clocks per one horizon-
tal period.

The function of a gradation integral display circuit
43 is expressed by the following equation.

Qi=D()x a+D(i+1) x b + D(i+2) x ¢ + D(i+3) x d

Where, Qi is the i-th data after pixel conversion. D(i+1),
D(i+2) and D(i+3) are the D(i+1)-th, the D(i+2)-th and
the D(i+3)-th data before conversion, respectively. For
example, the values a, b, ¢ and d of the input signal are
decided by a ratio of number of pixels between before
and after conversion and is obtained by calculating a
contribution factor of the data before conversion against
the data after conversion. An example of the gradation
integral display at a conversion from five pixels to four
pixels is shown in FIG. 5. As shown in FIG. 5, the five
pixels before conversion are divided into four equal
parts and new brightness values for the four pixels are
obtained by integrating each brightness value at each
divided area. Information which originally one pixel had
is reflected to one or two pixels after pixel conversion.

SUMMARY OF THE INVENTION

The object of the present invention is to present a
pixel conversion apparatus which can effectively display
an input video signal after pixel conversion on an image
display area to be displayed with a high quality and with-
out any lack or any display by mistake of the image in-
formation included in the input signal.

To achieve the above object, a pixel conversion ap-
paratus in accordance with the present invention in-
cludes:

sync separation means for separating a sync sig-
nal from an input signal, pixel conversion information
analysis means for analyzing how to convert the number
of pixels to display the input signal as an image from the
input signal and a picture display area, timing signal
generation means for generating a timing signal for dis-
playing an image according to the outputs of the sync
separation means and the pixel conversion information
analysis means, pixel conversion means for processing
a pixel conversion of the input signal according to the
output of the timing signal generation means, interpola-
tion means for processing a pixel interpolation when pix-
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el to be interpolated generates by pixel conversion at
the pixel conversion means, and sync signal generation
means for generating a sync signal for displaying the
input signal as an image.

Because the relation between the input signal and
the image display area is previously analyzed and proc-
essed, there is no lack or display by mistake of image
information included in the input signal and a high quality
image can be effectively displayed on the picture display
area of the display device.

Especially, the pixel conversion information analy-
sis means discriminates the number of pixels and the
effective display area of the input signal and the blanking
period of the picture displaying the input signal is calcu-
lated from the discrimination result and the picture dis-
play area, the horizontal sync signal from the sync signal
generation means is made different from the effective
picture area in blanking period.

It means that because the input signal picture in-
formation can not be displayed on the picture display
area of the display device, the picture is not displayed
with any cut or intermittently. Expressing as scanning
line conversion, scanning line conversion which can dis-
play on a display device such as a liquid crystal panel
without frame frequency conversion can be realized.

Especially, the pixel conversion information analy-
sis means discriminates which the input video signal is
interlaced or non-interlaced, discriminates which the in-
terlaced signal is in an odd field or in an even field and
the interpolation means processes a different interpola-
tion between for an odd field and for an even field ac-
cording to the discrimination result of odd/even field.
Thus, because the picture information is correctly repro-
duced for a pixel conversion even when the input video
signal is interlaced, a display can be obtained without
deterioration in vertical resolution.

Especially, the pixel conversion information analy-
sis means calculates a plurality of clocks necessary for
pixel conversion and the timing signal generation means
gives a designated modulation to at least one clock of
the plurality of clocks. Thus, even a plurality of clock
generators are provided for pixel conversion, beat inter-
ference such as a striped pattern on the display due to
frequency interference can be prevented by making the
above processing on one of clock generators having
near frequencies. The effect to reduce beat interference
is great in a picture display apparatus synchronizing with
aframe frequency and having a non-synchronous clock,
especially in a liquid crystal display device.

Especially, the pixel conversion information analy-
sis means calculates a pixel conversion ratio and pro-
vides with control means for controlling memory writing
of the pixels interpolated by the interpolation means ac-
cordingto the calculation result. Thus, because the pixel
interpolation and the pixel conversion are done at a
sampling clock having a sufficiently high frequency ac-
cording to the calculation result of the pixel conversion
ratio, a pixel converted picture display can be obtained
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with higher quality. That is, by using a clock having a
higher frequency than the clock forming an input video
signal as a sampling clock of the A/D converter, it fea-
tures to decrease the number of pixels to the desired
number of pixels processing interpolation between pix-
els, after the number of horizontal pixels to more than
the desired number of pixels is once increased. Be-
cause it is unnecessary to correctly know the frequency
of the clock forming a video signal outputted from a com-
puter or the like (the number of clocks per one horizontal
period) and the phase difference of the clock from the
video signal, previous adjustment of the circuit and pre-
vious survey of signal systems of computer are not nec-
essary and stable pixel conversion can be realized for
any signals.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a pixel conversion ap-
paratus in accordance with the prior art in the case of a
reduction conversion.

FIG. 2 is a chart explaining a function of interpolat-
ing reduction conversion of a pixel conversion appara-
tus in accordance with the prior art in the case of a re-
duction conversion.

FIG. 3 is a block diagram of a picture display appa-
ratus in accordance with the prior art.

FIG. 4 is a block diagram of a horizontal pixel con-
version circuit in accordance with the prior art.

FIG. 5 is a chart explaining a function of horizontal
pixel conversion a pixel conversion apparatus in accord-
ance with the prior art in the case of a reduction conver-
sion.

FIG. 6 is a block diagram of a pixel conversion ap-
paratus in accordance with a first exemplary embodi-
ment of the present invention.

FIG. 7 is a block diagram of a timing signal gener-
ator 65 used in a pixel conversion apparatus in accord-
ance with the first exemplary embodiment of the present
invention.

FIG. 8 shows relations between the number of sam-
ples and the number of scanning lines for three kinds of
video signals in a pixel conversion apparatus in accord-
ance with the first exemplary embodiment of the present
invention.

(a) image area of an original signal
(b) image area of a signal 1 after conversion
(c) image area of a signal 2 after conversion

FIG. 9 is a block diagram of a pixel conversion ap-
paratus in accordance with a second exemplary embod-
iment of the present invention.

FIG. 10 is a block diagram of a timing signal gener-
ator 66 used in a pixel conversion apparatus in accord-
ance with the second exemplary embodiment of the
present invention.

FIG. 11 is a chart explaining a function of frame fre-
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quency conversion of the present invention.

(a) a relation between writing and reading at a non-
synchronous conversion

(b) a relation between writing and reading at a syn-
chronous conversion

FIG. 12 is a chart explaining a function of frame fre-
quency conversion of the present invention.

(a) a memory writing period before conversion
(b) a memory writing period after conversion

FIG. 13 is a block diagram of a pixel conversion ap-
paratus in accordance with a third exemplary embodi-
ment of the present invention.

FIG. 14 is a chart explaining a functional principle
of a pixel conversion apparatus in accordance with the
third exemplary embodiment of the present invention.

FIG. 15 is a chart explaining a vertical interpolation
of a pixel conversion apparatus in accordance with the
third exemplary embodiment of the present invention.

(a) the case an original signal is progressive.

(b) the case of interlaced conversion as usual
processing.

(c) the case of non-interlaced conversion as usual
processing.

FIG. 16 is a block diagram of a timing signal gener-
ator 137 used in a pixel conversion apparatus in accord-
ance with the third exemplary embodiment of the
present invention.

FIG. 17 is a block diagram of a pixel conversion ap-
paratus in accordance with a fourth exemplary embod-
iment of the present invention.

FIG. 18 is a block diagram of control means of a
pixel conversion apparatus in accordance with the
fourth exemplary embodiment of the present invention.

FIG. 19 is a block diagram of a pixel conversion ap-
paratus in accordance with a fifth exemplary embodi-
ment of the present invention.

FIG. 20 is a block diagram of control means of a
pixel conversion apparatus in accordance with the fifth
exemplary embodiment of the present invention.

FIG. 21 is a block diagram of a sync signal gener-
ation circuit of a pixel conversion apparatus in accord-
ance with a sixth exemplary embodiment of the present
invention.

FIG. 22 is a block diagram of a picture display ap-
paratus in accordance with a seventh exemplary em-
bodiment of the present invention.

FIG. 23 is a block diagram of a horizontal pixel con-
version apparatus used in a pixel conversion apparatus
in accordance with a eighth exemplary embodiment of
the present invention.

FIG. 24 is a block diagram of a digital LPF used in
a pixel conversion apparatus in accordance with the
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eighth exemplary embodiment of the present invention.

FIG. 25 is a block diagram of a peaking circuit used
in a pixel conversion apparatus in accordance with the
eighth exemplary embodiment of the present invention.

FIG. 26 is a block diagram of interpolation means/
control means used in a pixel conversion apparatus in
accordance with the eighth exemplary embodiment of
the present invention.

FIG. 27 is a block diagram of a coefficient genera-
tion circuit used in a pixel conversion apparatus in ac-
cordance with the eighth exemplary embodiment of the
present invention.

FIG. 28 is a timing chart explaining a function of a
horizontal pixel conversion circuit in accordance with the
eighth exemplary embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Exemplary embodiments of the present invention
are explained below referring to FIGs. 6-12.

(First exemplary embodiment)

FIG. 6 is a pixel conversion apparatus in accord-
ance with a first exemplary embodiment of the present
invention. In FIG. 6, the block 61 is a sync separator.
The block 62 is a first PLL circuit for generating a first
clock signal synchronizing with a horizontal sync signal
of the input signal. The block 63 is a second PLL circuit
for generating a second clock signal synchronizing with
a horizontal sync signal of the input signal. The block 64
is a scanning line converter for converting the number
of scanning lines of the input signal. The block 65 is a
timing signal generator for generating an interpolation
coefficient and an interpolation timing signal to interpo-
late the sample at scanning line converter 64 and gen-
erating a sync signal to drive a display device such as
a liquid crystal panel.

FIG. 7 is an example of a block diagram of a timing
signal generator. The block 76 is a first counter for gen-
erating a signal HDI by dividing a first clock signal CKI
at an arbitrary rate. The block 77 is a horizontal interpo-
lation circuit for generating an interpolation coefficient
and a timing signal used at horizontal interpolation by
using first clock signal CKI. The block 78 is a second
counter for generating a signal HD2 by dividing second
clock signal CK2 at an arbitrary rate. The block 79 is a
vertical interpolation circuit for generating an interpola-
tion coefficient and a timing signal used at vertical inter-
polation by using second clock signal CK2. The block
710 is a first H counter for generating a first horizontal
sync signal a by counting second clock signal CK2. The
block 711 is a second H counter for generating a second
horizontal sync signal b by counting second clock signal
CK2. The block 712 is a selector for selecting the output
signal a of first H counter 710 or the output signal b of
second H counter 711. The block 713 is a V counter for
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controlling selector 712 by counting a horizontal sync
signal ¢ which is an output of selector 712. FIG. 8 shows
relations between the number of samples (horizontal)
and the number of scanning lines (vertical) for three
kinds of video signals.

The function of the pixel conversion apparatus in
accordance with a first exemplary embodiment of the
present invention is explained below. In FIG. 6, an input
signal is applied to sync separator 61, where a horizon-
tal sync signal Hsync and a vertical sync signal Vsync
are separated and outputted. First PLL circuit 62 repro-
duces afirst clock signal CKlfrom Hsync. The frequency
of first clock signal CKl is decided at first PLL circuit 62
by setting a dividing ratio at first counter 76 in timing
generator 65. Forexample, inthe case of VGA standard,
a dot clock signal at the signal sending side can be re-
produced by setting the dividing ratio 800. A clock signal
CK2 set at second counter 78 is similarly generated at
second PLL circuit 63. For example, in the case of con-
verting a VGA standard signal which is an input signal,
the dividing ratio of second counter 78 is set to 1280
similarly to XGA standard.

Horizontal interpolation circuit 77 and vertical inter-
polation circuit 79 generate an interpolation coefficient
and a timing signal converting from a VGA standard to
an XGA standard and scanning line converter 64 con-
verts the number of scanning lines. The input signal is
converted from the relation between the number of sam-
ples and the number of scanning lines of CKI shown in
FIG. 8(a) to the relation between the number of samples
and the number of scanning lines of CK2 shown in FIG.
8(b). That is, because the number of horizontal dots is
converted from 800 dots to 1280 dots (1.6 times), the
number of scanning lines in a vertical direction is also
converted from 525 lines to 840 lines, that is 1.6 times.
However, because the number of scanning lines of a
standard XGA signal is 806 lines, there is no room in the
timing specifications for a picture display device such as
a liquid crystal panel and some parts are not displayed
for a signal with 840 lines.

The output signal a of first H counter 710 and the
output signal b of second H counter 711 are set 1280
and 2304, respectively and the number of lines is count-
ed at V counter 713 and the output signal a or b is se-
lected at the border of 768 lines. The sync signals are
selected so that the timing of the horizontal sync of the
effective lines is left as it is and the horizontal sync of
the effective lines during a vertical blanking period is that
shown in FIG. 8(c) and the number of horizontal dots for
40 (=808 - 768) lines during a vertical blanking period is
2304 dots.

Thus, because the number of vertical lines be-
comes 808 lines and it is close to 806 lines of XGA
standard, the image can be displayed on the liquid crys-
tal panel. Although an example having two H counters
was shown in the first exemplary embodiment of the
present invention, a timing of the horizontal sync signal
is selected by using more than two H counters and a
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proper display can be obtained.

according to such a composition, it is possible to
display a picture even on a display device having less
room of timing without frame frequency conversion by
providing with a plurality of horizontal sync signals dur-
ing a frame period.

Thatis, the number of lines is not converted accord-
ing to the ratio of the number of horizontal effective dots
before conversion to the number of horizontal effective
dots after conversion by selecting a horizontal sync sig-
nal having a plurality of horizontal frequencies in the
same frame, the conversion ratio of a horizontal direc-
tion can be made different from that of a vertical direc-
tion. As a result, the number of scanning lines can be
converted without any lack of picture on the display ar-
ea.

(Second exemplary embodiment)

A second exemplary embodiment of the present in-
vention is explained below referring to FIGs. 9, 10, 11
and 12. The blocks having similar functions to those in
the first exemplary embodiment are numbered with the
same reference numbers and their explanations are
omitted. In FIG. 9, the block 67 is a memory. FIG. 10 is
a block diagram of a timing signal generator 66 shown
in FIG. 9. The block 715 is a third H counter. The block
716 is a fourth H counter. The block 717 is a second
selector. The block 718 is a second V counter. FIGs. 11
and 12 are charts expressing frame frequency conver-
sion.

In the second exemplary embodiment, although it
is general to convert a frame frequency using a memory
in the case in which timing specifications of a display
device is not satisfied, in this case, if the memory writing
and the memory reading are made with non-synchro-
nized clocks as shown in FIG. 11(a), a jumping over of
a frame before conversion occurs on the picture. That
is, when the reading clock frequency is a little higher
than the writing clock frequency, the read address pass-
es over the write address while writing like #1 (the first)
frame as shown in FIG. 11(a). Although the first frame
is read at reading, on the way it changes to call out a
frame signal one frame ahead. It has no problem in a
still picture but in a moving picture, the frame jumps over
on the effective picture area and it appears as an inter-
ference.

It is possible not to make jump over in the picture
by setting a clock frequency and horizontal and vertical
sync frequencies after conversion so that the ratio of the
number of frame clocks before conversion to the
number of frame clocks after conversion is an integer
as shown in FIG. 11(b). FIG. 11(b) shows an example
that three frames are converted into four frames. Defin-
ing m is the total number of clocks per one frame before
conversion, for example if the number of horizontal dots
is 2000 and the number of scanning lines is 830,
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m = 2000 * 830 = 1660000 clocks.

Where, if the number of maximum horizontal dots is
1700 and the number of maximum scanning lines is 832
as timing specifications of a liquid crystal panel, the
number of maximum allowable clocks per one frame of
the liquid crystal panel is

1700 * 832 = 1414400 clocks,

and even how many horizontal sync signals are given
in one frame as shown in the first exemplary embodi-
ment, the specifications for a liquid crystal panel can not
be satisfied. Accordingly, only the effective picture area
of the signal before conversion is written in a memory
and as for reading, only the effective picture area is read
out and the frame frequency is converted. Defining the
total number of clocks per one frame after conversion
as n, n is selected so that the ratio of n to m is an integer.
For example, the three frames before conversion and
the four frames after conversion are made to be equal
in time. That is,

3xm=4%*n

Therefore,

n=23/4 * m=1,245,000 clocks

It satisfies the number of maximum allowable clocks of
the liquid crystal panel. Then, the number of horizontal
dots and the number of scanning lines after conversion
are decided. The number of horizontal dots and the
number of scanning lines as shown in the first exemplary
embodiment can be easily decided by having a plurality
of horizontal sync signals per one frame. For example,
it is decided that the number of horizontal dots is 1558
for first 795 scanning lines of total 797 scanning lines
and the number of horizontal dots is 1637 for the last
two scanning lines. The specifications of the liquid crys-
tal panel is satisfied.

As for memory reading, only the effective picture ar-
ea is read according to the number of dots decided like
the above. The relations between the number of hori-
zontal dots and the number of scanning lines before and
after conversion and the relation of memory controls are
shown in FIG. 12.

In this case, a frame frequency conversion is done
but neither write address nor read address does not
jump over by making the writing clock the same as the
reading clock. By that, interference due to a frame jump-
ing over in the effective picture area does not occur. Be-
cause the clocks for memory writing and memory read-
ing can be the same, the number of clock reproducing
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circuits can be less compared with the case of non-syn-
chronization.

The number of total clocks before conversion m is
decided by H counter 710 or 711 and V counter 713 and
the number of total clocks after conversion n is decided
by H counter 715 or 716 and V counter 718.

Thus, in the second exemplary embodiment of the
present invention, a scanning line conversion is done
without frame jumping over or discontinuous displaying.

(Third exemplary embodiment)

Athird exemplary embodiment of the present inven-
tion is explained below referring to FIGs. 13, 14, 15 and
16. The block 131 is a sync separator. The block 132 is
a field discriminator. The block 133 is a scanning line
converter. The block 134 is a first delay device for de-
laying the output of scanning line converter 133 by one
horizontal period. The block 135 is a second delay de-
vice for delaying the output of delay device 134 by one
horizontal period. The block 136 is a sync signal gener-
ator. The block 137 is a timing signal generator. The
block 138 is an interpolation circuit. FIG. 14 is a chart
explaining a functional principle of a vertical interpola-
tion. FIG. 15 is a chart showing a vertical interpolation
for an interlaced signal. FIG. 16 is a block diagram of a
timing signal generator 137. The block 165 shown in
FIG. 16 is a selector.

In FIG. 13, an video signal is supplied to sync sep-
arator 131, where a horizontal sync signal (Hsync) and
avertical sync signal (Vsync) are separated and output-
ted. Field discriminator 132 discriminates which the
present field is an even field or an odd field from the
separated sync signals by checking, for example the
phase relation between Hsync and Vsync.

At sync signal generator 136, sync signals after
scanning line conversion necessary for driving the liquid
crystal panel module such as a horizontal sync signal
(HS), a vertical sync signal (VS), an enable signal (EN),
etc. are generated from the inputted Hsync and Vsync.
Sync signal generator 136 reproduces a dot clock by a
PLL circuit from Hsync, divides the dot clock at a counter
and outputs HS, VS, EN, etc..

Scanning line converter 133 converts the horizontal
frequency of the input video signal and outputs. At scan-
ning line converter 133, the number of scanning lines in
a horizontal period is converted similarly to the reduction
described in the example of the prior art. The signal
which frequency was converted is outputted through de-
lay devices 134 and 135. The waveforms at the input
and the outputs of the delay devices and the interpola-
tion circuit are shown in FIG. 14. The signals outputted
from delay devices 134 and 135 are inputted into inter-
polation circuit 138, interpolated in a vertical direction
and outputted. In the example of doubling the horizontal
frequency shown in FIG. 14, the outputs of delay devic-
es 134 and 135 are interpolated according to the coef-
ficient calculated at timing signal generator 137.
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But in the case that the input signal is an interlaced
signal such as an NTSC signal, if the original signal at
the sending side is progressive as shown in FIG. 15, the
signal is sent separating into an odd field 0 and an even
field e, where the white circles express high luminance
(bright) signals and the black circles express low lumi-
nance (dark) signals. The outputted interlaced signal is
interpolated at each of even field and odd field and dis-
played at the receiving side.

An example in accordance with the prior art is
shown in FIG. 15(c). The scanning lines (indicated by
double circle) are interpolated at each of even field and
odd field, using an FIFO and without using a field mem-
ory for a signal after conversion (non-interlaced). A line
is interpolated between the first and the second scan-
ning lines of an odd field o. To convert the number of
scanning lines into double , the interpolation coefficient
is 0.5 and a mean value of the signals on the first and
the second scanning lines is a signal of the interpolated
line. In this example, because the first line has a low
brightness and the second line has a high brightness,
the interpolated line has a medium brightness. The even
lines e are similarly interpolated and the number of scan-
ning lines becomes double.

Generally, it is necessary to reset the Vsync at a
reference counter 160 in order to be able to respond to
various kinds of signals such as PAL other than NTSC
by making to be able to set an any dividing ratio. Be-
cause the timing and the coefficient of the interlacing
are generated as a reference of the vertical sync signal
Vsync both for the odd field and for the even field, some
deviation occurs at every field. Therefore, the signal
combining the odd field and the even field, when watch-
ing with a liquid crystal panel, appears to have a value
integrating each field from the response characteristic
forviewers. This is shown in FIG. 15(¢c) as a signal f after
conversion (non-interlace conversion) and the original
signal (before conversion) varies with one low bright-
ness signal (dot) and two high brightness signals (dots),
while the converted signal varies with three low (medi-
um) brightness signals (dots) and three high brightness
signals (dots). There is no problem when the signal at
the sending side is non-interlaced but the vertical reso-
lution deteriorates as shown in FIG. 15(c) when the sig-
nal is interlaced.

In the pixel conversion apparatus in accordance
with the third exemplary embodiment of the present in-
vention, only the interpolation coefficient of even field is
offset by 0.5. The interpolation coefficient is generated
as 0,0.5,0.0.5, ... at reference counter 160 for the odd
field, while it is generated as 0.5, 0. 0.5, 0, ... at for the
even field. The signal after interlace conversion is inter-
polated as shown by e in FIG. 15(b) and the viewer feels
as shown by f at watching the liquid crystal panel. A
brightness variation with two high (medium) brightness
signals and one low (medium) brightness signal is ob-
tained and it is similar to that of the original signal.

The brightness level of the signal is expressed by
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the darkness of the circle in FIG. 15 (from the white cir-
cle, highest brightness to the black, lowest brightness).

FIG. 16 shows a block diagram of a timing signal
generator 137. The offset of adder 163 in ZSH circuit is
selected at selector 165 according to the field discrimi-
nation result. When the signal is an odd field, selector
165 selects zero and when it is an even field, selector
165 selects the offset value. The offset value is a value
multiplying SH (a reciprocal of reduction factor) by 0.5.

According to the third exemplary embodiment of the
present invention, the interpolation coefficients for even
and odd fields are offset and a signal as if it were inter-
laced is obtained after interpolation. The deterioration
of a vertical resolution can be prevented by varying the
vertical interpolation coefficient for interpolating signals
at each of the odd field and the even field.

(Fourth exemplary embodiment)

A fourth exemplary embodiment of the present in-
vention is explained below referring to FIGs. 17 and 18.
The blocks having similar functions to those in the ex-
emplary embodiment previously described are num-
bered with the same reference numbers and their ex-
planations are omitted. In FIG. 17, the block 139 is a
control circuit for controlling a sync signal generator 136
and a timing signal generator 137 according to the ver-
tical sync signal Vsync from sync separator 131. FIG.
18 is a block diagram of a control circuit. The block 166
is an AND circuit. Although every odd field and every
even field are reset by Vsync and the interpolation co-
efficient is odd set by 0.5 in the third exemplary embod-
iment, timing signal generator 137 is reset not at every
field but at every frame in the fourth exemplary embod-
iment. Because the resetting is made at every frame,
the interpolation finishes in one frame and it is the same
interpolation as that the offset is given to the interpola-
tion coefficient, resetting at every field. In this case, sync
signal generator 136 generates HS, VS and EN similarly
to that of the third exemplary embodiment.

According to a pixel conversion apparatus in ac-
cordance with the fourth exemplary embodiment, every
pulse to drive the liquid crystal panel synchronizes with
the input signal even if the input sync is not normal like
when an non-standard signal is inputted, a stable picture
can be obtained and the deterioration in vertical resolu-
tion can be prevented similarly to the third exemplary
embodiment.

(Fifth exemplary embodiment)

Afifth exemplary embodiment of the present inven-
tion is explained below referringto FIGs. 19 and 20. The
blocks having similar functions to those in the exemplary
embodiment previously described are numbered with
the same reference numbers and their explanations are
omitted. In FIG. 19, the block 1310 is an interlace dis-
crimination circuit for discriminating which the input sig-
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nal is interlace or non-interlace. FIG. 20 is a block dia-
gram of a control circuit 139. In FIG. 20, the block 167
is a selector. Interlace discrimination circuit 1310 alter-
nately discriminates which the field is an odd field or an
even field when the input signal is interlaced but always
judges to be an odd field when the input signal is non-
interlaced. Which the signal is interlace or non-interlace
can be discriminated by monitoring the output of inter-
lace discrimination circuit 1310 over a plurality of fields.

Inthe case in which the input signal is an interlaced,
selector 167 selects the output of AND circuit 166 so
that timing signal generator 137 is reset at every frame,
similarly to the fourth exemplary embodiment. In the
case in which the input signal is a non-interlaced such
as in a game machine, selector 167 selects Vsync so
as to reset at every field. By such a composition, opti-
mum vertical interpolation can be made accordingto the
input signal.

(Sixth exemplary embodiment)

A sixth exemplary embodiment of the present in-
vention is explained below referring to FIG. 21. FIG. 21
is a block diagram of a sync signal generator 136. The
block 2111 is a counter. The block 2112 is a first com-
parator. The block 2113 is a second comparator. The
block 2114 is an inverter. The block 2115 is a first AND
circuit. The block 2116 is a second AND circuit. The
block 2117 is a first OR circuit. The block 2118 is a sec-
ond OR circuit. The block 2119 is an RS-FF (reset-set
flip-flop) circuit.

The sync signal generator shown in FIG. 21 is an
example to generate a vertical sync signal VS. Counter
2111 counts the number of horizontal sync signals HS
in the inputted signal HS. The counted numerical value
(10 bits) is compared with the start line value and the
end line value set at comparators 2112 and 2113, re-
spectively and are outputted as coincidence signals.
Receiving the coincidence signals, RS-FF 2119 outputs
a vertical sync signal VS.

For example, in the case in which the start line is
10 and the end line is 30, from the line 10 to the line 30
output an H (high) level pulse. In this case, OR circuits
2117 and 2118 forcibly set or reset during Vsync period
(in this case, positive polarity).

Set or reset is selected at inverter 2114 and AND
circuits 2115 and 2116. That is, if the output of SR-FF
2119 is "H" (high) level, set is selected. When the input
signal is a non-standard NTSC signal (for example, the
number of lines is 260 lines per field), the number of
scanning lines is 520 after converting into double.

In the case in which vertical sync signal VS applied
to the liquid crystal panel is a standard signal, when the
horizontal sync signal HS is set in the 30 lines from
495-th to 525-th line, and if OR circuits 2117 and 2118
forming a forced RS circuit do not exsist, the counted
value of counter 2111 is only a value from 1 to 520 and
can not be the value 525, the last scanning line. There-
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fore, vertical sync signal VS is always in a set state and
in the case of a non-synchronous signal, in the above
example, if the circuit is forcibly reset according to input
vertical sync signal Vsync, a pulse width of VS at 495-th
to 520-th line can be generated. In the above example,
although the case of vertical sync signal VS is de-
scribed, it is the same in all other pulses.

According to such a composition, various kinds of
stable pulses can be generated even in the case of non-
standard input video signal and optimum vertical inter-
polation can be obtained.

Thus, according to a pixel conversion apparatus in
accordance with the sixth exemplary embodiment of the
present invention including: a sync separator for sepa-
rating a horizontal sync signal and a vertical sync signal
from an input video signal; a field discriminator for dis-
criminating a field of the input video signal; a scanning
line converter for converting the number of scanning
lines of the input video signal; a first delay device for
delaying the output of the scanning line converter by one
horizontal period; a second delay device for delayingthe
output of the first delay device by one horizontal period,;
a sync signal generator for generating horizontal and
vertical sync signals after scanning line conversion from
the output of the sync separator; an interlace discrimi-
nator for discriminating which the input video signal is
interlaced or non-interlaced; a timing signal generator
for generating pulses and a vertical interpolation coeffi-
cient to use for scanning line conversion, linking with the
timing signal generator and the interlace discriminator;
an interpolation circuit for interpolating a signal from the
outputs of the first and second delay devices according
to the output of the timing signal generator; a control
circuit for controlling reset signals of the sync signal gen-
erator and the timing signal generator according to the
kind of the input video signal and can forcibly initialize
various kinds of output pulses of the sync signal gener-
ator and the timing signal generator, synchronizing with
the vertical sync signal of the input video signal.

(Seventh exemplary embodiment)

FIG. 22 is a block diagram of a picture display ap-
paratus in accordance with a seventh exemplary em-
bodiment of the present invention. The block 3102 is a
sync separator. The block 3102 is a first phase detector.
The block 3103 is a first LPF. The block 3104 is a first
VCO. The block 3105 is a first counter. The block 3106
is a first PLL including first phase detector 3102, LPF
3103, VCO 3104 and first counter 3105. The block 3107
is a pixel converter. The block 3108 is a second phase
detector. The block 3109 is an adder. The block 3110 is
a second LPF. The block 3111 is a second VCO. The
block 3112 is a second counter. The block 3113 is a sec-
ond PLL including second phase detector 3108, adder
3109, second LPF 3110, second VCO 3111 and second
counter 3112.

The function of a picture display apparatus com-
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posed like the above is explained below. A composite
video signal inputted from the outside is supplied to pixel
converter 3107 and processed of expansion or reduc-
tion by the clock signals from first PLL 3106 and second
PLL 3113. (Different clock frequencies are used at the
input and the output.)

The composite video signal inputted from the out-
side is supplied to sync separator 3101 at the same time.
Sync separator 3101 extracts only sync signals from the
input composite video signal. The horizontal sync signal
separated at sync separator 3101 is supplied to first
phase detector 3102. The output of VCO 3104 is used
as a clock for the front stage of the pixel converter. First
counter 3105 divides the frequency at arbitrary rate and
the divided signal is supplied to first phase detector
3102. The output of first counter 3105 is supplied to sec-
ond phase detector 3108. The output of second phase
detector 3108 is supplied to one of the input terminals
of adder 3109 and is frequency divided at an arbitrary
rate. The output of second counter 3112 is supplied to
the other input terminal of second phase detector 3108.

The vertical and horizontal sync signals separated
at sync separator 3101 are inputted to a first frequency
divider 3115 and a second frequency divider 3116 and
divided in 2. An exclisuve-OR is calculated from the out-
puts of first frequency divider 3115 and second frequen-
cy divider 3116 at an exclusive-OR gate 3117. The out-
put terminal of exclusive-OR gate 3117 is connected to
the other input terminal of adder 3109. That is, a specific
voltage is added to a voltage for controlling VCO 3111
in second PLL circuit 3113 generating a clock for the
rear stage at every toggle period which is an exclisuve-
OR of a horizontal period and a vertical period.

Thus, according to the seventh exemplary embod-
iment of the present invention, a picture display appa-
ratus synchronizing with a frame frequency and having
a non-synchronous clock, especially reducing beat in-
terference and the like such as in a liquid crystal display
apparatus can be presented.

(Eighth exemplary embodiment)

FIG. 23 is a block diagram of a horizontal pixel con-
verter in accordance with an eighth exemplary embod-
iment of the present invention. The blocks 2322, 2312
and 2313 are LPFs composed of analog elements and
limit the pass bands of the input video signals R, G and
B, respectively. The block 2314 is an A/D converter for
converting the band limited video signals (R2) to dugutal
signals. The block 2310 is a PLL circuit for generating
a clock signal from a horizontal sync signal H having a
frequency of about 80 MHz in this example. The output
signal of A/D converter 2314 is outputted passing
through a digital LPF 2315 having a narrower bandwidth
(R4). Signal A controls the bandwidth of digital LPF
2315,

FIG. 24 is a block diagram of a digital LPF 2315
used in horizontal pixel converter. A circuit example of
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digital LPF 2315 and its function are explained below,
referring to FIG. 24. In FIG. 24, only one route of three
signals (R, G and B) is described for simplicity but they
are similar in the other two routes. The blocks 2419,
2420, 2421 and 2422 are flip-flop circuits. The blocks
2423, 2424 and 2425 are amplifiers. The blocks 2426
and 2427 are adders. The block 2428 is a selector. A
combination of flip-flops 2419 and 2420, adder 2426 and
amplifier 2423 composes a filter expressed by a follow-
ing expression using a z-transformation.

y=(1+[z-2))/2,

where [z -2] expresses a reciprocal of the square of z
and a reciprocal of the n-th power of z is expressed as
[z -n], where n is a natural number. A combination of flip-
flops 2421 and 2422, adder 2427 and amplifier 2424
similarly composes a filter expressed by a following ex-
pression.

y=(1+2=[z-1]+[z-2])/ 4

When control signal A is L (low) level, only the filter after
selector 2428 is effective. When control signal A is H
(high) level, all the elements (blocks) shown in FIG. 24
is effective. That is, it forms an LPF having a following
characteristic.

y=(1+2%[z-1]+2%[z-2]+2* [z -9]

+[z-4]) /8

Which control signal Ais setat H level or L level depends
on a conversion factor of the pixel conversion. For ex-
ample, if the ratio of the number of pixels after A/D con-
version at A/D converter 2314 to the number of pixels
to be finally desired is smaller than 2, control signal A is
desirable to setto L leveland if it is larger than 2, control
signal A is desirable to set to H level. Although two step
switching of the bandwidth of digital LPF 2315 is adopt-
ed in the above composition for simplicity, the number
of bandwidth switchings can be increased.

The blocks 2316 shown in FIG. 23 is a peaking cir-
cuit for amplifying a high frequency component of a pic-
ture. The signal B is a signal for controlling the amplifi-
cation of a high frequency component in peaking circuit
2316. A concrete circuit example and the function of
peaking circuit 2316 are explained below referring to
FIG. 25. In FIG. 25, although only one route of three
signal (R, G and B) is described for simplicity, the other
two routes are the same as that.

The blocks 2529 and 2530 are flip-flop circuits. The
blocks 2534 and 2536 are adders. The blocks 2531,
2532, 2533 and 2535 are amplifiers and the amplifica-
tion factor C of amplifier 2535 is controlled by control
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signal B. The block 2537 is a limiter for limiting the output
of adder 2536. A high pass filter is composed of flip-flop
circuits 2529 and 2530, amplifiers 2531, 2532, 2533 and
2535 and adders 2534 and its characteristic is ex-
pressed by the following expression.

y=(-1+2=*[z-1]-[z-2])/C

A signal which high frequency component is enforced is
obtained by adding the above high frequency compo-
nent and the output of flip-flop circuit 2529 at adder
2536.

The block 2317 shown in FIG. 23 is a circuit for
processing interpolation between adjacent two pixels
and generating a write control signal to memory 2318.

A concrete circuit example of interpolation means
2317 and its function are explained below, referring to
FIGs. 26 and 27. FIG. 26 is a block diagram of interpo-
lation means 2317 of a horizontal pixel converter in ac-
cordance with the present invention. FIG. 27 is a block
diagram of a coefficient generator 2642 used in interpo-
lation means 2317.

A composition having a function of interpolation
means to process interpolation between adjacent pixels
and a function of control means to generate a write con-
trol signal to control writing to the memory to make the
number of pixels to a desired number is explained be-
low, referring to FIGs. 26 and 27. Although only one
route of three signals (R, G and B) is shown in FIG. 26
for simplicity, the other two signals are the same as the
first signal route but coefficient generator 2642 may be
made common for three signals.

In FIG. 26, the block 2638 is a flip-flop circuit. The
block 2639 is an attenuator. The block 2640 is a multi-
plier. The block 2641 is an adder. The block 2642 is a
coefficient generator for generating an input signal k of
multiplier 2640 and a write control signal WE of memory
2318. Multiplier 2639 multiplies a signed signal of 9 bits
((b-a) in FIG. 26) by an unsigned signal of 8 bits (k in
FIG. 26). The output is 8 bits but 8 bits of the lower order
are rounded down and only 9 bits of upper order are
supplied to adder 2641.

A concrete example of coefficient generator 2642 is
explained below, referring to FIG. 27. The blocks 2744
and 2750 are flip-flop circuits with set and when signal
/RST is L level, an H level signal is outputted at the rising
of the next clock, independent of the input to a flip-flop.
The blocks 2745, 2746 and 2752 are flip-flop circuits
with reset and when signal /RST is L level, an L level
signal is outputted at the rising of the next clock, inde-
pendent of the input to a flip-flop. The blocks 2743, 2751
and 2753 are selectors. The blocks 2742 and 2748 are
adders and adder 2742 works with 2 bits and adder 2748
works with 8 bits. The blocks 2749 and 2747 are NAND
gates. The block 2755 is an AND gate. The block 2754
is a counter and counts the clocks by setting the fre-
quency dividing ratio to a designated value U and out-
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puts a signal with a negative polarity at every dividing
ratio. The input signal H of AND gate 2755 is a horizontal
sync signal with a negative polarity.

How to set the conversion factor of the number of
pixels is explained below. At A/D converter 2314, if (the
number of pixels before conversion): (the number of
pixels after conversion) = 11 : 3, the ratio 11/3 = 3.6666
and its decimal part is 0.6666 and the integer part is 3.
The decimal part of the above conversion factor is set
for input signal M of adder 2748 of coefficient generator
2642 interpolation means 2317. Because M is an 8 bit
signal (256 is the eighth power of 2),

M = 0.6666 * 256 = 170.6666 = about 171.

Select signal RS of selector 2753 composing coefficient
generator 2642 shown in FIG. 27 is set to 1 when the
integer part of the conversion factor is not smaller than
2 and is set to 0 when the integer part is smaller than 2.
The setting value V of selector 2743 is set to a value
subtracting (the integer part of the conversion factor mi-
nus 1) from the n-th power of 2 when the number of bits
of V is n. Because setting value V is decided as n=2 bits
in this exemplary embodiment,

V=4-(3-1)=2.

For input signal U to counter 2754, a fraction of the
number of pixels before conversion as a numerator to
the number of pixels after conversion as a denominator
is reduced and then the numerator is set. In this exem-
plary embodiment, the fraction is 11/3 and because it is
a reduced value, setting value U becomes 11. Counter
2754 is provided because decimal part M of the conver-
sion factor includes an error. As a calculated result of
the decimal part M is not always an integer as shown in
the above setting example. Therefore, errors in the ac-
cumulated result of setting value M from flip-flop 2752
and adder 2748 are accumulated with the accumulation
and a proper coefficient k can not be obtained. In order
to prevent such an accumulation of errors, counter 2745
for generating a signal to initialize the interpolation
processing with a proper timing is provided.

Because the interpolation processing is desirable
to initialize at every horizontal period, an AND value of
a negative horizontal sync signal H and an output signal
of counter 2754 are calculated. This is used as an ini-
tializing signal /RST. The function of the circuit at such
a setting is explained later, referring to a timing chart
shown in FIG. 28.

In FIG. 23, the block 2318 is a memory having an
enough capacity to store the pixels during a horizontal
period after pixel conversion. It is written, synchronizing
with a clock CLK but is not written when write control
signal WE is L level.

The function of a horizontal pixel converter com-
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posed like the above is explained below, referring to
FIGs. 23, 26, 27, 28 and 4. A signal that a ratio of the
number of pixels after A/D conversion to the number of
pixels after pixel conversion per horizontal period is 11:
3 is considered. Signals in FIG. 28 (such as R and R2)
mean signals shown in FIGs. 23, 26 and 27. Only about
signal R is explained but also about signals G and B are
similar to signal R.

Signal CLK is a signal generated at PLL circuit 2310
shown in FIG. 28 and is 80 MHz in this exemplary em-
bodiment. It is independent of a clock signal originally
generating input signal R. Input signal R is a signal in-
putted from computer or the like and generally has arec-
tangular waveform as shown in FIG. 28. Signal R2 has
a waveform the high frequency component of which is
cut from input signal R by passing analog LPF 2311.
(Because input signal R is rectangular, a signal which
the rising up and the falling down are sloped is output-
ted.) Signal R3 shown in FIG. 28 is a signal A/D con-
verted from signal R2.

Signal R3 is inputted to digital LPF 2315 shown in
FIG. 283. In signal A controlling digital LPF 2315, the ratio
of the number of pixels after A/D conversion to the
number of pixels to be desired to finally obtain is 11/3 =
3.6666 in this exemplary embodiment and because its
integer part is not smaller than 2, itis H level.

Therefore, the output signal R4 of digital LPF 2315
becomes a signal shown in FIG. 28 and having a follow-
ing filter characteristic.

y=(1+2#[z-1]+2%[z-2]+2#[z-3]

+[z-4])/8

Because interpolation means 2317 at the rear stage
is linearly interpolated between two points, digital LPF
2315 is absolutely necessary for proper interpolation but
because the high frequency component is cut, if as it is,
the boundary of the image becomes blurred when a sig-
nal with much high frequency component is displayed.
To prevent it, the picture quality is improved by amplify-
ing a high frequency component like that a boundary of
letters is enforced by peaking circuit 2316. Signal b is a
signal after its high frequency component is amplified.
Control signal B of peaking circuit 2316 is a signal to
control the amplification factor of amplifier 2535 shown
in FIG. 25 and in this case, the amplification factor is set
to 1 (that is, the signal passes through amplifier 2535
without any change). Therefore, the filter characteristic
of peaking circuit 2316 is as follows.

y=-1+8#*[z-1]+[z-2]

The output signal b is shown in FIG. 28.
Signal b is inputted to interpolation means 2317
shown in FIG. 23. Signal a is an output of flip-flop circuit
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2638 in interpolation means 2317 shown in FIG. 26. Sig-
nal (b-a) is an output subtracted signal a from signal b
at subtracter 2639 shown in FIG. 26.

Signal k and signal WE outputted from coefficient
generator 2642 shown in FIG. 26 are explained below,
referring to FIGs. 27 and 4. Because the conversion fac-
tor is 3.6666 (=11/3), RS=1 and V=2. Further, frequency
dividing ratio U is decided to be 11 because 11 pixels
are converted into 3 pixels. The output signals kand WE
as well as signal /RST for a reference are shown in FIG.
28. Signal /RST is L level at every 11 clocks because
the frequency dividing ratio of counter 2754 is 11.

In FIG. 26, multiplier 2640 multiplies output k of co-
efficient generator 2642 by the output (b-a) of subtracter
2639. The multiplied output is originally 17 bits (signed)
but the lower 8 bits are rounded down. Signal a and the
upper 9 bits of the output signal of multiplier 2640 are
added at adder 2641 and the added signal ¢ is supplied
to memory 2318 shown in FIG. 23. Not all of signal ¢ is
written in memory 2318 and writing is done only when
signal WE outputted from coefficient generator 2642 is
H level. Therefore, if the stored content of memory 2318
is continuously read with a timing of signal WE, signal
d which is a final result is obtained. A drawing taking
digital value s of signal d as an ordinate is attached un-
der digital signal d shown in FIG. 28 to be easy to com-
pare digital signal d with input signal R.

According to the above composition, even the
number of pixels per one horizontal period of a video
signal from a computer or the like is unknown, the sam-
pling clock frequency of A/D conversion can be arbitrar-
ily set, no restriction is required for the PLL circuits and
further, proper pixel conversion can be obtained.

Thus, according to a horizontal pixel converter in
accordance with the eighth exemplary embodiment of
the present invention, because it is unnecessary to pre-
viously know an input signal system and the original fre-
quency and phase of a clock signal forming the input
video signal and the oscillation frequency of the PLL cir-
cuit can be made almost constant to arbitrarily set the
sampling frequency of the A/D converter, proper pixel
conversion is possible without requesting any high per-
formance for the PLL circuits.

Claims
1. A pixel conversion apparatus comprising:

sync separation means for separating sync sig-
nals from an input video signal;

pixel conversion information analysis means
for analyzing how the number of pixels is to be
converted for displaying said input video signal
from said input video signal and a picture dis-
play area;

timing generation means for generating a tim-
ing signal for displaying a picture according to
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the outputs of said sync separation means and
said pixel conversion information analysis
means;

pixel conversion means for converting the
number of pixels of said input video signal ac-
cording to the output of said timing generation
means;

interpolation means for interpolating the pixels
by the pixel conversion at said pixel conversion
means when some pixels must be interpolated;
and

sync signal generation means for generating a
sync signal for displaying said input video sig-
nal as a picture.

2. A pixel conversion apparatus as recited in claim 1,

wherein:

said pixel conversion information analysis
means discriminates the number of pixels and
the effective area of said input video signal and
calculates the blanking period of the picture dis-
playing said input video signal from the discrim-
inated result and the picture display area and
the timing of the horizontal sync signal from
said sync signal generation means is different
between at said effective picture area and at
said blanking period.

3. A pixel conversion apparatus as recited in claim 1,

wherein:

said pixel conversion information analysis
means discriminates interlace or non-interlace
of said input video signal and discriminates odd
field or even field of said interlaced signal and
said interpolation means processes a different
interpolation between odd field and even field
according to the discrimination result.

4. A pixel conversion apparatus as recited in claim 1,

wherein:

said pixel conversion information analysis
means calculates a plurality of clocks neces-
sary for pixel conversion and

said timing signal generation means gives a
designated modulation to at least one clock of
said plurality of clocks.

5. A pixel conversion apparatus as recited in claim 1,

wherein:

said pixel conversion information analysis
means calculates a pixel conversion ratio and
comprises control means for controlling writing
to a memory of the pixels interpolated at said
interpolation means according to said calcula-
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tion result.

A pixel conversion apparatus wherein

the horizontal sync signal timing is made dif-
ferent from at the effective picture area and at the
blanking period when the number of scanning lines
of an input video signal is converted.

A pixel conversion apparatus comprising:

sync separation circuit for separating a horizon-
tal sync signal and a vertical sync signal from
an input video signal,

first PLL circuit for generating a first clock signal
synchronizing with the separated horizontal
sync signal outputted from said sync separation
circuit;

second PLL circuit for generating a second
clock signal synchronizing with said separated
horizontal sync signal;

scanning line conversion circuit for converting
the number of scanning lines of said input video
signal; and

timing signal generation circuit for generating
an interpolation timing signal and an interpola-
tion coefficient for horizontal and vertical inter-
polation at said scanning line conversion circuit
and generating a horizontal sync signal having
a plurality of horizontal scanning frequency af-
ter scanning line conversion.

A pixel conversion apparatus converting the frame
frequency using a clock frequency which the integer
times of the number of clocks n before scanning line
conversion is the integer times of the number of
clocks m after scanning line conversion at scanning
line conversion of an input video signal, where m is
the total number of clocks per frame before scan-
ning line conversion and n is the total number of
clocks per frame after scanning line conversion.

A pixel conversion apparatus comprising:

a sync separation circuit for separating a hori-
zontal sync signal and a vertical sync signal
from an input video signal;

afirst PLL circuit for generating a first clock sig-
nal synchronizing with the separated horizontal
sync signal outputted from said sync separation
circuit;

a second PLL circuit for generating a second
clock signal synchronizing with said separated
horizontal sync signal;

ascanning line conversion circuit for converting
the number of scanning lines of said input video
signal,

a timing signal generation circuit for generating
an interpolation timing signal and an interpola-
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tion coefficient for horizontal and vertical inter-
polation at said scanning line conversion circuit
and generating a horizontal sync signal having
a plurality of horizontal scanning frequency af-
ter scanning line conversion; and

a memory for converting the frame frequency
of the output of said scanning line conversion
circuit.

10. A pixel conversion apparatus in which

interlace or non-interlace and odd field or even
field are discriminated for an input video signal
and

when the input video signal is interlaced, a dif-
ferent interpolation is processed between for
odd field and for even field.

11. A pixel conversion apparatus featuring that

an interpolation timing circuit for vertical inter-
polation is reset at every frame when the input
video signal is non-interlaced and

a sync signal generation circuit for various
kinds of pulses necessary for a driving display
circuit is reset at every field.

12. A pixel conversion apparatus comprising:

a sync separation circuit for separating a hori-
zontal sync signal and a vertical sync signal
from an input video signal;

a field discrimination circuit for discriminating a
field parity of said input video signal,

a scanning line conversion circuit for converting
the number of scanning lines of said input video
signal;

a first delay device for delaying the output of
said scanning line conversion circuit by one
horizontal period;

a second delay device for delaying the output
of said delay device by one horizontal period,;
a timing signal generation circuit for generating
a pulse and a vertical interpolation coefficient
used for scanning line conversion linking with
said timing signal generation circuit; and

an interpolation circuit for interpolating a signal
from the outputs of said first and second delay
devices according to the output of said timing
signal generation circuit.

13. A pixel conversion apparatus comprising:

a sync separation circuit for separating a hori-
zontal sync signal and a vertical sync signal
from an input video signal;

a field discrimination circuit for discriminating a
field parity of said input video signal,
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ascanning line conversion circuit for converting
the number of scanning lines of said input video
signal,

a first delay device for delaying the output of
said scanning line conversion circuit by one
horizontal period,;

a second delay device for delaying the output
of said delay device by one horizontal period,
a sync signal generation circuit for generating
horizontal and vertical sync signals after con-
version from the output of said sync separation
circuit;

a timing signal generation circuit for generating
a pulse and a vertical interpolation coefficient
used for scanning line conversion linking with
said timing signal generation circuit;

an interpolation circuit for interpolating a signal
from the outputs of said first and second delay
devices according to the output of said timing
signal generation circuit; and

a control circuit for controlling a reset signal of
said sync signal generation circuit and said tim-
ing signal generation circuit according to the
kind of input video signal.

14. A pixel conversion apparatus comprising:

a sync separation circuit for separating a hori-
zontal sync signal and a vertical sync signal
from an input video signal;

a field discrimination circuit for discriminating a
field parity of said inpit video signal;
ascanning line conversion circuit for converting
the number of scanning lines of said onput vid-
eo signal;

a first delay device for delaying the output of
said scanning line conversion circuit by one
horizontal period,;

a second delay device for delaying the output
of said delay device by one horizontal period,
a sync signal generation circuit for generating
horizontal and vertical sync signals after con-
version from the output of said sync separation
circuit;

an interlace discrimination circuit for discrimi-
nating which the kind of input video signal is in-
terlaced or non-interlaced;

a timing signal generation circuit for generating
a pulse and a vertical interpolation coefficient
used for scanning line conversion linking with
said timing signal generation circuit and said in-
terlace discrimination circuit;

an interpolation circuit for interpolating a signal
from the outputs of said first and second delay
devices according to the output of said timing
signal generation circuit; and

a control circuit for controlling a reset signal of
said sync signal generation circuit and said tim-
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ing signal generation circuit according to a kind
of input video signal.

15. A pixel conversion apparatus comprising:

a sync separation circuit for separating a hori-
zontal sync signal and a vertical sync signal
from an input video signal

a field discrimination circuit for discriminating a
field parity of said inpit video signal;

a scanning line conversion circuit for converting
the number of scanning lines of said onput vid-
eo signal;

a first delay device for delaying the output of
said scanning line conversion circuit by one
horizontal period;

a second delay device for delaying the output
of said delay device by one horizontal period,;
a sync signal generation circuit for generating
horizontal and vertical sync signals after con-
version from the output of said sync separation
circuit;

an interlace discrimination circuit for discrimi-
nating which the kind of input video signal is in-
terlaced or non-interlaced;

a timing signal generation circuit for generating
a pulse and a vertical interpolation coefficient
used for scanning line conversion linking with
said timing signal generation circuit and said in-
terlace discrimination circuit;

an interpolation circuit for interpolating a signal
from the outputs of said first and second delay
devices according to the output of said timing
signal generation circuit;

a control circuit for controlling a reset signal of
said sync signal generation circuit and said tim-
ing signal generation circuit according to a kind
of input video signal; and

a function which can forcibly initialize the vari-
ous kinds of pulses outputted from said sync
signal generation circuit and said timing signal
generation circuit.

16. A pixel conversion apparatus comprising:

pixel conversion means for converting the
number of pixels from an input video signal;
sync separation means for separating sync sig-
nals from said video signal;

first and second dividers for dividing the fre-
quencies of the horizontal and vertical sync sig-
nals separated at said sync separation means,
respectively;

means inputting the outputs of said first and
second dividers and calculating the values of
exclusive-OR,;

first and second PLL circuits; wherein

said first PLL circuit comprises:
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17.

18.

19.

28

first phase comparation means for comparing
the signal phase by receiving the output of said
sync separation means;

first conversion means receiving the output of
said first phase comparation means, converting
the output into a dc voltage and deciding a re-
sponse characteristic of the PLL;

a first VCO for outputting a clock by the output
of said first conversion means;

a first counter for dividing the clock of said first
VCO; and

said second PLL circuit comprises:

second phase comparation means for compar-
ing the signal phase by receiving the output of
said first counter;

adding means receiving the output of said sec-
ond phase comparation means and the output
of said means calculating the values of exclu-
sive-OR and adding the outputs;

second conversion means receiving the output
of said adding means, converting the output in-
to a dc voltage and deciding a response char-
acteristic of the PLL;

a second VCO for outputting a clock by the out-
put of said second conversion means;

a second counter for dividing the clock of said
second VCO.

A pixel conversion apparatus, wherein

in a picture display apparatus providing with
a plurality of PLL circuits and digitally processing a
video signal so as to convert the number of pixels
by a plurality of clocks having each different period,
a signal having a specific period is added to a phase
comparison detection value of one of said plurality
of PLL circuits.

A pixel conversion apparatus, wherein

in order to convert the number of pixels per
one horizontal period of an input video signal into
the desired number of pixels, the number of hori-
zontal pixels is increased by using a clock having a
higher frequency than a clock generating said video
signal as a sampling clock of an A/D converter and
the number of pixels is converted into the desired
number of pixels, processing interpolation between
the pixels.

A pixel conversion apparatus comprising:

a PLL circuit for generating a clock locking to a
horizontal sync signal with a higher frequency
than a clock generating the input video signal;
an A/D converter for converting said input video
signal into a digital signal by a clock from said
PLL circuit;

a memory for storing pixel data during a hori-
zontal period,;
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interpolation means being put between said A/
D converter and said memory and interpolating
between the adjacent pixels;

control means for generating write control sig-
nal to control writing in said memory, in order to
make the number of pixels a desired number.

20. A pixel conversion apparatus as recited in claim 19

21.

further comprising:

a high frequency band enforcing circuit con-
nectedtothe previous stage of interpolation means,
in order to previously compensate the high frequen-
cy band of the video signal detriorated by interpo-
lation processing between pixels.

A pixel conversion apparatus as recited in claim 19
further comprising:

a counter generating an initializing signal to
initialize interpolation means at every numerator of
a reduced fraction making the desired number of
pixels as a denominator, taking the number of pixels
after A/D conversion as a numerator.
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[FIG. 21]
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[FIG. 24]
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[FIG. 25]

peaking circuit

2529, 2530...flip—flop circuit
2534, 2536...adder
2531, 2532, 2533, 2535...amplifier

2537...limiter

B...control signal
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[FIG. 26]
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2640...multiplier
2641. . .adder
2642...coefficient generator
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[FIG. 28]
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